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Cambridge, Massachusetts, 
Mav 20, 1948, 


Profeegsor J. S. Newell, 

Secretary of the Faculty, 
Massachusetts Institute of Technology, 
Cambricge, Massachusetts. 

peer Sir: 

In accordance with the requirements for the 
degree of Master of Science in Naval Construction and 
Engineering, we submit herewith a thesis entitled, "In- 
vestigation of Methods cf Plotting Resistance of Ships 


to Simplify Preliminary Design Power Studies." 


Respectfully, 
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Siea given in Taylor's contoum@ oi resistance ant €] igi - 


has ween four? nosaivle to plot contours of tctal 
tance vs 4 and v, YE for a mean hull at various values ef 2 
(figures V to XVII) an? to provide two simple corrections, 
cr length (fisure ITI!) and one for B/# (figure Ww) 
hich will give results eccurate within Ocf of Taylor" 

weeios (See tale Tv). We thus lave u totw! cf IS chertey 
Maly 2 of which ar@ réquisved for any swecific hull. 
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intended to improve on the accuracy of Taylor's Gata, an 
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used to improve on the stundard series such as trans¢ 


however, in any rrocleme involving estimates of resistance, 


pecially in preliminary cesign work. 
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phifloation cf Tayler's curves ccul® be achieved at vary Little 
eyneme’ af accuracy - the curves developed trom this invege:- 


cation axe vresented In this thesis. ‘. 
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"The Speed an Power of Ships,” ty D. ¥. Taylor 
forms the basis for all the data used Im the dewelopnernt of 
this thesis. The frictional resistance Cata was obtained 
from Paylor's figure 188 and the reeiduval resistance was OT: 
tained from Taylor's cont@yers ef residual a 
&. Limitation cf Varisbles. 

Tia first stap in the development ef the thesis 
Mae tc @elect tre ceerffeciente wf form to Se ue im Ghee 
preparation cf cuPoadh, anc. CO dimd& the range of this co- 
efficients a3 far. as grac thee To tnis end, a table of 
representative characteristics (Table I) was prevared, 
coverings; types of shirs in actual service. Yor simpnlifi- 


@cmen of voth plotting and use. it ls demi ranle,to fix ab 





Meany variables as possible. It was decided that a mean 
value of F/}' could be usec, thus eliminating one interpola- 
tion required in Taylor's curves. A mean B/H value cf 2.0 


Was selected. It was als6 decided to cover valum@® ef ¢ frem 





0, VAT from .50 to 1.60, and X{ frome,56 40 .26, It 
wae not anparent how large the effect of variation of m 
Werle ve rut tentatively it was decictd to Leave 1§ out. of 
the calculations. 
mW: Metne* af Plotting 

The neryt question was how the Gata could bert Oe 
pLOotsiem to simplify Syler's presentation. V/TL Was selected 


as ‘he most Cesiralvle abscissa as it is always the base! for 
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various values of £ and a. These resistance factors were 


also tried on cccrdinates of # une @ for various values 

of V/YL but the results were not wremising enough to warrant 
refinement. We of thee ratiog requires’ computation of Rf 
ene provides 1'ttle or no stmplification in "he number of 
operaticns that must be performed to arrive at the total 
resistance. after a study of' these preliminary torms 17 

Was Cecided that the most promising line of effort was to 
e@ot contours of tetal resietance ond ane VAL for succes- 
ative values of &. If these values of £ are selected close 
venourh together it makes it possible to use the nearest 
charted value of £ to the actual hull beln¢e consicered with 
= mecwracy. It, on the other hand, it ws bor @ ceiragriea 
to limit the number of charts a smaller number of values cf 
£ snould be used and the etCtmwal mesults ootainec Dy Inger- 
Poser ion. It Was décided that intervals’ of, .0& would be 
Chose enounsh to permit approximate use Without inhterpolatien 
@ng yet weulec cover the desired range Without too many plete. 
Por cetermination of Rf it was ceciGed to use a length of 
600 ft. anc a wetted surface coefficient of 15.4 as used in 
Taylor's Tigure lof. 


"he resistance data presented in Taylcr's curves 





was picked off in tanulated form for use in nreparing the 
Curves. (iTatle IJ in the ap;endix is a sample of this forn. 


Cririnels are filed in the thesis notetiook). A complete 


















= 7 : 7 
@lso ame Ciled) in tne ™§ 
eat 


mele, sil yal 411 scale, to {llusé 













the metre. It will ve natee thet a larger sChi’8 Wiis 


os m~ ‘ - / ~ , 
@r accuracy welow Vile. of atout 1800. ie 2c come 





e@gins of f the data from the master curves ae 41) ]m 

Peteures Ioend Ii. The fintsMer contours ard) ineladag 

ge Digunmee ¥ to AVIT under Pesulte. 

mee orrectione fcr Lis. o/s 

Ie 12? @etwieus that sem@eral errors arte 

Of heen "/Y ane L are present if theSe cuntoure of 2c 

meen “or a variety of hulls - some of whichemay differ 

Meany from the mean coefficiénts used here. It wits 
t consiceratle improvement could we mee ty intreduci ty 

@ simple corrections - one for varlation of e* Prom the. 


1 Value cf *.C ene the other for varilation c” lenrts 


“ie offect cf lenbth vartatian on Crtattowdl “aaia- 





iwelid cdeferzai‘ted De tue equation 





i f 5.Q@ : 06s 
. =F | 
ree - (gee fle. lye ThyLar) fs} 


ee effent At tris OGrrettion cr fetal Pesisténvé 16 88 tape 
. s 4 _ bd 
rane oe 4ler proenmerticri ot 8: ret. Rie wen avP Cer er for 


Oorlone yatuce cf ° an? Lent pioresa ve. WAND teu. xeTTT). 








We 


RESISTANCE 


TOTAL 


Figure 


Anwo 


May it ye 
ot 





Figure fe 


Lome Coeae 2 = 62 





/ 
/ 
"d 
’ 2 
/ 
7 Z 
74 «= 
if 
/ 
if 
A = 
‘ ' ’ ‘ 1 1 
TO 0 1.10 {1.30 |.50 \.7® 


Seeeo Lenocru Coer 


S pominse METHOD OF PLOTTING VALUES OF Re (TAsULATEO 


Feom Tayuore's ~ Se€EDp + FOoRwWER oF Sues”) 


Memoo or “TransKrererinig Fowrs To Convroures oF Resistance 


PA 
{20 
}(0 
jao 
90 
i 
eo 
WJ 
U 
Z 
7 @ 
= 
~ 
un 
W 
Y 
$0 
J 
7 
EE 
Ho ¥ 
39 
26 
io 








( TL Bapory aS ) 


ae BONVAASC AS WAS) 40 Samainod ONIiLi38e ww JO DOHIBW BINIMOHS Bansiy 





ein 
4304 Pera Oo33d¢ 
eet. es x. —s og’ ont ; as” 
—— ™~ \ \ ca 
a \ \ : 
NA 7 | ai 
SY i? P 0 
\\ Re \ he Pb » 
\ ; | | | | ; 
| \ 4 
; A on \ | | | “orl I 
\ \ \ | | | f ma 
\ e eee rH | 1 4 
yo | | mm 
a \ | | | | hed 
E ye. | : 
J . 
P ia sz ty ia > WN vs § 
a | a. | < 
u | | , | | vu! * 
Ly 
O | ‘a P| | | | 
tL ) 1 oe Ob) L 





29 = (3) 33° oN 


~ 


Pm Ly 
bb We dy 











aie 
TTI unFer r ts). #& tere® ae ite 
th G appe vents 


=) 2 
of B/E imac. two aff EC a ~ one on the cz 
; as : . 



























velue c surface coerric aemeil and one an they 
oe ; 
Y -. > -. . ; 
r. ho effect on wetted surface ceefficient - ond b« 


. 
we’ y is cf the oréer of 2@ or less gor nerml vAbuge 










Tie efvect on tetal resistance is of eourse smaller then th 
wecinilly eat moderate to large values of VAL. Ata ie 
Mmeered cf "secon orfer" smallness in an epproximate 
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Tre results of this stum@y ere tiresented gragha - 
CHliv by ficures ITT through XVTF. hese plots provide 
a quick and simple means of determining preliminary power 
c a 
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requirements on the basis of Tevlom's Sttané@are Stites. 


Pieupes , to 7Vig are eontours of @=c ve cd anc v/{L fer vuilues 
of f from .56 to .90, a mean P/N of 3.0 an? a mean length of 
“500 ft. Ficure IV pives the correction ¢C' which, when multi- 
‘plied by (°/# - 3.0), gives the value C which must be adder 


‘to Yc toccrrect for the actual value cf B/H. igure III 


» the length corpection, A, Which, when multiplied by 


mee fC), cives thefactual value oP Rt. 
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\thes@ curves with ah eypected errcr (based cn Taylor's 
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and this set of curves over a wide range of representative 
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DISCUSSION OF 2LSULTS 


A. Criteria 


“he atitrors started cut to find an approxi mye 


metho¢ of Cetermining resistance for preliminary design _ 


‘ 
studies. There ere te6 primary crivuePpPia to We" gepl ie Go 

thie results of such a study: (1) Is it accurate enough to 
be used? ane (2) Poes it represent anv real advaentapes in 
time or metheced of use which make it preferatle to the regvuler 
aecvec?® Tt 8 our orrtnion that both of thes® critter are 
Satisfied ty these curves. 

tie Accuracy 


Accuracy "of the charts, as Mentioned uncer re~ 


mics, ts within the accuracy to be @R@eetec cf rrel iminery 


(a 


Calculations. In fact, a twé@ percent error in the resistance 


is within the limits cf accuracy or many tests used to €eter- 
4 ’ 
Mane resistance. It has been said that EHF curves slouiée te 
gern with a paint brush inetead of a pen, and with this dn 
mind, a one or even twe vercent variaticn from Taylor's Serjes 
seems Guite néeritgible. Many destgns improve on Taylor's Series 
Ov special features, such as transom sterns and hbulvous bows. 
Thege curves are not intended to allcw for such variations ard 
mre apoliceaile oniy us far as Taylor's @ate norrially vweuld Ge 
wet. “he wppenci® tncivdea a table of results (table IV) 
Setainc® Tor conpari@on Frey thi sériesteant Trem Tayler Far 

& wide range of nul! torms. 

Cf. Adventepoes 


In the culculm tion cf conparative figures ant penermnl 
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Quirsc in Taylor's geries clone makes for slmplicity 


this, tn turn, offers fewer oppertunities for error. In 
the prepera‘ion «of Fable IV for exomrie, when large ¢ ion. 
Srerancies indicated an error in cne cr thé amher cr the 
Metheds, the mietake was simost invariaoly feund in the 2 
Perec poleticns of Tayicr's Series. Twere is an @ypr 
in time as well, espectally when a mumber of celcul 
£8 Gas are tohe made. 
The totul numver of charts required eplaks for 
itself. The 15 charts here are to be compared to (56 in 
Meier. Net only this, Hut For any specifi huit 


fiete rarer of duta mav be obta!tned from three cr fe 


these new charts cwins to the use of v/qL us an abecissa, 





wetle all i charts mist be used in Tavlior. he totel num 
her -f charts required Cevends on whether or not it is de- 
sired to interpolste between value by op 2. If t+ 18 desired 
to use the nearest plotted velue cf & to the hull in 
wi Miovt intérgolation, then it le nesesshry Yhet the dger@- 
ments in Rie smnil. The autnors had this in wine when 0 eo 
selected as the increment to be uses. In the curves &a 
Bresenter Nere it is possible to use the nentrest plotted 


value of X without in<érpolntion, @6 4a4néicated unrer Rew Ve. 


mapritmdd of the errer thea intrerwess #1)1 be Ereavegt, — 
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2S. The eflectswer thie diffemence can De Seen 
kiy in Fable IV, whick rives representative values wit 
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Te at ts especiAélly cesiPpable to limit the total siggker 


charte, wgligitie errcr will be introcueed By accepting ts 


Wéceasitty of trterrcleticn anc nsing values oF g seperate 


fh} .04 or even.,0C, tn which case fhe total numer of chat 
an 


Peguired reduces to 7. 


: Te range of values of , tc be ccvaiied “ie also opt 
bo samé mocificaticn. It seems uniilely Hat «£6 Bawed 
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Biberieteness. it is ressible 
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than -v0 for-values of v/yL below 1.00 cut this dic not ge 


worthwhile. ‘ 
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thn CHa MOMS improve fre accuracy c“ tite results, 

errors from the basic cate ag shown by table IV min as high 

Ag BO", much af whith comes from the use of méan values ok 

tn the 2evelopment ef the B/s correction. If we ase wo 
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raw © od 
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Rarirpe co Full Porm 
eonbe Ce Piste Forms _ 
As mentionec in the section on progedure a survey 
of representative characteristics Was rade in oars to 46e- 
Cide an the range of coefficients to be covered. Tatle I 


Mm m@ tenulation of a Wide variety ef ehins im 





list includes all types likely to be encountered tn norma? 
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des ifr work. 





m, Taculation c® Resistance ~ate ; 
| Tre data from Taylor's "Speed and Fower" was pick 
Dore in teatulated form fer #asé@ in plotting. 
Sample of this form. The originals aré@ all filed in ;> 
thesis notebook. The velues in any casé may ve checked 
iDeeetiyvy frem Tnylor's curves if cer ined. 
ae Develcrrent oF JM4n—ath ccrt@ction 

ta consicering the eheothie methods of providing 
H correction for vartaticn in léengeth It was Geait@Z, that @ 


Smemie@erar Including length and VAT noulc be the test metho 





Wese veriables were cles@n vecause variations of length : 


fran the mend value of SO ft) will camse an errar in the 
SFictional component ef Bt only and the ab ator seop of a) 
ceOmponent in turn capfents vrdmarily on y/~L anc only’ eecrotc - 
arily ou 4. ane Zz. Tn order to elimina te G and 5 th® fro; Or 
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tion is", Seeletetes x , was averefed for values of 2 = .56, 
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TABLE II 
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V/VE 290 
Rr Re 
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variation in tctal reststance on cocrglagthes ef any two aft Tie 
mrimary variables tA th lk Or Gwe Plote Wwerc muce of tré verila- 
eeon of resistance vs. X& for different values of d at several 
vaiues of V/{ 1. Pigts wer€@ @leo mide"fer the varketajen in 
resistance with variation cf 3,°N vs. VAL fer dtfferent 
values cf dat several valves of XQ - neither of, these at- 
terdts showec any possibility of simplification Cor easy use. 
a The next step in this unmeseAat ton was to pict 
variation in resistance for unit variation of PB/H vs. d for 
Gifferent values of 2X anc at different values of VAL (see 
fie. KIX). It wes found that for eath value of VAL tre 
curves for cifferent values of £ fdrmead a comvact femily of 
curves, through Wngch a mean could bre drawn ane thus & was 
eliminated as a variable. These mean curves at different 
values of VAYE were then corbined in a single nlot (Pig ORR ln 
from weich contours of variation could be picked off ane 
erotvécd on cecrdinates of d ane VW/{T. in the s@ire mannér @é 
baer Re conteurs of Figunes V to KVIIw The finished phot is 
Bees in fic. IY. The method of CORMIingng it is :lLigetrarced 
Sepemige. XIX, ame YX. The vealwes plotted cn tie contoipe: Pe- 
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